549th MEETING, CAMBRIDGE 945 succinate contained increasing amounts of wax as the specific growth rate decreased from 0.7h-I to 0.12h-I. The wax composition also varied with dilution rate, samples having a high wax content had palmitic acid and palmityl alcohol as major components. In continuous culture with succinate limitation and excess of nitrogen, the bacteria contained only small amounts of waxes, which increased slightly with increasing specific growth rate.
reported that Bacillus cereus spores lacked cytochromes and that electron transport was mediated by a soluble flavoprotein oxidase, in contrast with the particulate, cytochrome-containing, electron-transport system of the vegetative organism. The idea that spores have an atypical electron-transport system enjoys popularity in the current literature (Keynan, 1973) based mainly on the work of Doi & Halvorson (1961) , even though Keilin & Hartree (1949) and Tochikubo (1971) have reported cytochromes to be present in Bacillus subtilis spores. In the present investigation electron-transport activities in membranes and soluble fractions of disrupted vegetative organisms and spores of B. megaterium were compared as reference points for subsequent study of the electron-transport system during sporulation and germination.
Organisms were grown as described by Ellar & Posgate (1974) and membranes were prepared from exponential-phase vegetative B. megaterium with lysozyme as described by Ellar & Posgate (1974) . The soluble fraction was that supernatant remaining after lysis of protoplasts in 0.05~-Tris-HCl, pH7.5, plus 5pg of DNAase/ml and subsequent centrifugation at 105000g for 1 h. Vegetative organisms and spores were also disrupted by homogenization with plastic beads as described by Ellar & Posgate (1974); cell-wall fragments and spore coats were removed from the preparations by differential low-speed centrifugation and membranes were obtained from the low-speed supernatant by centrifugingat 144000gfor 2h. Thesupernatant in thiscaseconstitutes thesolublefraction. All membrane preparations were washed once in 0.05 M-Tris-HCI buffer, pH7.5, containing 5m~-MgcI,. By using NADH reduced-minus-oxidized difference spectroscopy cytochrome a+a3 and cytochrome b were detected at concentrations of 0.23 and 0.31 nmol/ mg of protein respectively in membranes from vegetative organisms prepared with lysozyme. The use of homogenization with beads to disrupt the organisms seemed to result in a lower cytochrome content in the membranes. Spore membranes contained cytoVol. 2 BIOCHEMICAL SOCIETY TRANSACTIONS chrome a+a3 and cytochrome b at about fourfold lower concentrations than in membranes from vegetative organisms (0.068 and 0.087nmol/mg of protein respectively), but in addition contained cytochrome c (0.077 nmol/mg of protein). The presence of cytochromeo invegetative-organism and sporemembranes was observed in reduced-plus-CO-minus-reduced difference spectra. Of a range of substrates tested only NADH, DL-Q glycerol phosphate and L-malate were oxidized at appreciable rates by membranes from vegetative organisms measured with an oxygen electrode. Spore membranes oxidized NADH at a slow rate (85nmol of 02/min per mg of protein) compared with membranes from vegetative organisms prepared by homogenization with beads (200nmol of 02/min per mg of protein). Oxygen uptake by spore membranes was not detected when other substrates were tested even at high concentrations of membrane. The method of preparation of vegetative-cell membranes had a significant effect on the NADH oxidase activity. Lysozyme-prepared membranes had as much as twenty times the specific activity of membranes prepared with beads. The NADH oxidase activity of membranes from vegetative organisms was sensitive to several inhibitors of electron transport, namely (values refer to percentage inhibition) 20p~-antimycin A, 54; 20p~-2-heptyl-4-hydroxyquinoline N-oxide, 54; 5Op~-rotenone, 42; 5m~-amobarbital, 42; 1 mwthenoyltrifluoroacetone, 29; 1 m~-K C N , 33 ; 1 ~M -N~N~, 11. Spore-membrane NADH oxidase activity was sensitive to the same inhibitors, with no marked differences in sensitivity.
An NADH oxidase of low specific activity was detected in the soluble fraction of vegetative organisms disrupted by use of lysozyme or beads of 15 and 9.5nmol/min per mg of protein respectively. Summation of soluble and particulate NADH oxidase activity of vegetative organisms revealed that 94% of the total NADH oxidase was particulate in lysozyme-disrupted extracts and 71 % in bead-disrupted extracts, indicating that some destruction of the electron-transport system occurs by blending organisms with beads. In spore extracts 75% of the NADH oxidase activity was particulate.
Examination of spore membranes revealed the presence of adenosine triphosphatase activity. However, the specific activity of this enzyme on spore membranes was found to be tenfold less than that detectable in vegetative-cell membranes similarly prepared by homogenization with beads.
NADH-cytochrome c reductase activity was found in spore membranes (34nmol/min per mg of protein) and in vegetative-cell membranes prepared by lysozyme (22 nmol/min per mg of protein) even though cytochrome c was not detected in these membranes. Difference spectroscopy indicated that cytochrome c was incorporated into the electrontransport chain just before stage I1 of sporulation and this coincided with a fivefold increase in NADH-cytochrome c reductase activity.
From our studies it is clear that a membrane-bound electron-transport system is present in spores as well as a soluble NADH oxidase. The spore membrane differs from that of the vegetative organism in having a lower content of cytochromes and in transporting electrons at a slower rate. The amount of soluble NADH oxidase activity present in vegetative organisms is affected by the method of breaking the organism. It would appear that Doi & Halvorson's (1961) claim of electron transport mediated entirely by a soluble NADH oxidase is not typical of spores of all bacterial species.
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